The distribution of nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-d) enzyme-containing neurons in the mouse brain was studied and a schematic map of the entire mouse brain was obtained. NADPH-d-positive cell bodies and fibers were detected in almost all brain regions, while the neurons varied in form and staining pattern, and the fibers in density, shape and staining pattern. Significant differences in the localization of NADPH-d-positive neurons were detected and compared to the results of previous studies in rats, in such areas as the lateral globus pallidus, the red nucleus, the locus coeruleus and the principal sensory trigeminal nucleus. Possible causes for the differences between NADPH-d staining in rat and mouse are discussed. Similar to serotonin (5-hydroxytryptamine, 5-HT) fibers, as NADPH-d-positive neurons were found in almost all areas of the brain suggesting the existence of some interaction between NADPH-d-positive neurons and 5-HT neurons. Therefore, the distributions of NADPH-d-positive neurons and 5-HT neurons were compared. To elucidate the relationship between NADPH-d-positive neurons and 5-HT neurons, we analyzed histochemical changes in NADPH-d-positive neurons after injection of 5,7-dihydroxytryptamine (5,7-DHT), a 5-HT neurotoxin, into the lateral ventricle of the mouse brain. Changes in NADPH-d-positive neurons were found in the medial septal nucleus, the diagonal band of Broca, and the dorsal raphe nucleus after injection. The observations suggest a potential relationship between NADPH-d-positive neurons and 5-HT neurons.
I. Introduction
Nitric oxide (NO) is thought to have a number of roles in the nervous system acting, for example, as a neurotransmitter and a second messenger, and a promoter releasing other neurotransmitters [33] . NO is also related to glutamate neurotoxicity [8] and is important in the formation and function of the vertebrate nervous system [7, 13, 16, 42] . The dis-tribution of neuronal nitric oxide synthase (neuronal NOS) has been studied extensively in vertebrates [6, 31, 34, 63, 64, 71] , and NOS is now known to be distributed throughout the brain. Vincent and Kimura [64] reported on nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-d) histochemical mapping throughout the rat brain showing many photomicrographs. In some parts of the mouse brain, the distributions of NADPH-d-positive cell bodies and fibers were reported and shown in photomicrographs; in the olfactory bulb [31, 67] , cortex [43, 44] , and cerebellar cortex [19] . The distribution of the NADPH-d-positive neuronal cell bodies in the mouse brain is reported in a web-accessible digital atlas [5] , but the atlas does not have detailed mapping of the NADPH-d-positive fibers. To date, there has been no histochemical study of the distribution of neuronal NADPHd-positive cell bodies and fibers throughout the mouse brain including a schematic map. In the field of experimental neuroscience, many kinds of knockout mice have been examined, and as more will no doubt be developed in the future, it is important to establish the distribution of neuronal NOS in the mouse brain. This is the first report of a comprehensive schematic map of NADPH-d-positive cell bodies and fibers throughout the mouse brain. Differences in distribution are also demonstrated between the mouse and rat [64] .
The distribution of NADPH-d in the brain has been used as a specific histochemical marker for neurons producing NO [8, 22] . While some studies have indicated that immunoreactivity and NADPH-d reactivity do not correspond exactly [30, 31, 53, 65] , the latter is still used to demonstrate whether NOS-containing neurons are present. In this study, we used NADPH-d enzyme histochemistry.
In some areas, NOS has been reported to be colocalized with neurotransmitters such as dopamine (DA), noradrenaline, GABA, acetylcholine (Ach) and 5-HT, suggesting some relationship between them [34, 37, 38, 53, 56, 63, 66] . Particularly, since 5-HT fibers are found in almost all areas of the brain [55, 61] , as are NOS-containing neurons [64] , both neuronal systems may have somewhat common histochemical or functional features and unknown reciprocal interaction.
To date, there have been no studies comparing the localization of not only cell bodies but also fibers between 5-HT neurons and NOS-containing neurons throughout the brain. In the present study, we examined the localization of NADPH-d-positive neurons and 5-HT neurons throughout the mouse brain. To elucidate the relationship between NADPH-d-positive and 5-HT neurons, changes in NADPHd-positive neurons were histochemicaly analyzed after injection of 5,7-DHT, a 5-HT neurotoxin, into the lateral ventricle of the mouse brain. Possible functional relationships between 5-HT neurons and NADPH-d-positive neurons are discussed.
II. Materials and Methods
Twenty male mice (Jcl-ICR strain, Clea Japan), 8-10 weeks of age, weighing 33-39 g, were used. All animals were housed in groups of three or four with continuous access to food and water, and maintained under a 12-hr light/ 12-hr dark cycle. The experimental procedures conformed to the welfare rules and regulations for treatment of animals of Kyoto Prefectural University of Medicine. Animals were anesthetized with sodium pentobarbital (35 mg/kg body weight, i.p.) and transcardially perfused with 10 ml of heparinized 0.1 M phosphate buffered saline (PBS), pH 7.4, followed by ice-cold 4% formaldehyde and 0.2% picric acid. Brains were then post-fixed for 2hr at 4°C, and stored in 20% sucrose at 4°C, before 20 mm coronal sections were cut with a cryostat and collected in 0.1 M PBS, pH 7.4, with 0.3% Triton X-100 (PBST). NADPH-d histochemistry was performed according to the procedure reported by Vincent and Kimura [64] . Briefly, free-floating sections were incubated in a reaction mixture containing 0.1 mg/ml nitroblue tetrazolium (Sigma, No. N-6876) and 1.0 mg/ml b-NADPH (Sigma, No. N-1630) at 37°C for 30-60 min. The reaction was stopped by rinsing the sections with cold 0.1 M PBS, pH 7.4, and the sections were then mounted onto gelatin-coated slides and air dried overnight. The slides were dehydrated rapidly in ethanol, and then mounted with Entellan. To identify the cell groups, three alternate series were used for Nissl staining using cresyl-violet.
In ten cases, alternate sections were used for different reactions. For 5-HT immunohistochemistry, the free-floating sections in PBST were incubated in anti-5-HT antiserum [59, 60] at a dilution of 1:8000 for 48 hr at 4°C. They were then washed with PBST. As second antibody and peroxidase conjugate, the Vectastain ABC kit (Vector Laboratories) was used. After being rinsed subsequently in PBS, the serial sections were developed for peroxidase activity with 3,3diaminobenzidine, and mounted on slides. The slides were air dried overnight and dehydrated in ethanol and mounted with Entellan. We examined the preparations by NADPH-d histochemistry, 5-HT immunohistochemistry, and Nissl staining throughout the brain using a light microscope.
For morphological analysis, the results of the map are described based on the atlases of Sidman et al. [52] and Franklin and Paxinos [12] . The semiquantitative method was used along with Steinbusch's map [55] , which showed the distribution of serotonin-positive cell bodies and terminals. The number of NADPH-d-positive cell bodies per section is indicated using five different types of symbols denoting: more than 50 cells, between 20 and 50 cells, between 5 and 20 cells, between 1 and 5 cells, and a single cell per section. In the neocortex and hippocampus, the distribution is shown with single dots. The differences among densities were evaluated subjectively as follows: 4+, very high density; 3+, high density; 2+, medium density; +, low density. An area where there were "many" NADPH-d-positive cell bodies, was determined to be above 20 NADPH-dpositive cell bodies on a slice, and an area where "many" NADPH-d-positive fibers found to be above 3+ is described in the mapping atlas in the present study. To examine the effects of 5,7-DHT (Research Biochemicals International) treatment on the distribution of NADPH-d-positive neurons in the areas where many 5-HT cell bodies and/or fibers and NADPH-d-positive cell bodies and/or fibers were concentrated, 5,7-DHT (75 mg base/mouse) was injected into the lateral ventricle of twenty-eight mice. That is, using a modification of the procedure described by Heal et al. [20] , intracerebroventricular (i.c.v.) injections were performed (Bregma: 0.25 mm, L: 1.1 mm, D: 2.1 mm). 5.7-DHT was dissolved in distilled water containing 0.2 mg/ml ascorbic acid. All the 5.7-DHT-treated mice were given 30 mg/kg of desipramine intraperitoneally 60 min before the i.c.v. injection to protect the noradrenergic neurons from the neurotoxic action of 5,7-DHT. Eleven mice received the vehicle intracerebroventricularly instead of 5,7-DHT as controls. Control and experimental animals were sacrificed after survival periods of 3 and 7 days. They were transcardially perfused, and the brain was removed, post-fixed for 2 hr, and stored in sucrose as described above. Floating sections were stained by 5-HT immunohistochemistry and NADPH-d histochemistry as described above.
To estimate changes in the number of cell bodies and density of the staining fibers, each section was viewed with a microscope (Olympus) and the image was transferred with a High Resolution Digital Camera (HC2000/2000D, Fujix) onto a microcomputer (Power Macintosh 8500/180, Apple Computer). Densities of the staining were quantified per 10 4 mm 2 in each nucleus except the median raphe nucleus and the raphe obscurus nucleus in which they were quantified per 2.5´10 2 mm 2 , then analyzed with an image analyzer (NIH IMAGE analysis software 1.58, developed at the NIH). Data were analyzed statistically by one-way ANOVA and Mann-Whitney U test, and a value of p<0.05 was taken to be significant.
III. Results

Distribution of NADPH-d-positive neurons
The present study provided a complete schematic map of NADPH-d-positive cell bodies and fibers in the mouse brain (Figs. 1, 2A-X), and our findings differed from those of previous report [64] .
Telencephalon
Approaching from the most rostral part of the brain, the external part of the anterior olfactory nucleus was the first area showing very high NADPH-d-positive density, being one of the most intensely stained areas in the brain (Fig. 3A) . Many intensely stained fibers were condensed, and also some small-sized, weakly stained cells were observed. At the more rostral level, many small-sized, weakly stained monopolar cells were observed in the glomerular layer of the olfactory bulb. In the granule layer of the olfactory bulb, a few medium-sized strongly stained bipolar and monopolar neurons and a mildly dense network of fibers were present. In the medial part of the anterior olfactory nucleus, some medium-sized, intensely stained, bipolar oval-shaped and monopolar round neurons and a moderately dense network of fine varicose fibers were present (3+ density, Figs. 1, 2A ). The mitral cell layer of the accessory olfactory bulb was strongly stained with intensely stained fibers ( Fig. 3A) . Particularly in the dorsal area between the anterior olfactory nucleus and the intrabulbar part of the anterior commisure, many large, intensely stained fibers were concentrated. Similar neurons were found in the accumbens nucleus and slightly larger neurons were also observed in the caudate putamen. A number of medium-sized, moderately stained monopolar, bipolar and multipolar cells and a moderately dense fiber network were also observed in the caudate putamen (3+ density). Most of the fibers appeared smooth on their surface but some had varicosities. The fiber network extended through the caudate putamen, and was especially concentrated in the mediocaudal and laterodorsal part. Noteworthy results included a cluster of neurons running through the medial septal nucleus (MS), the nucleus of the vertical limb of the diagonal band and the nucleus of the horizontal limb of the diagonal band. In the ventral area of the MS, the nucleus of the diagonal band of Broca (DB) or the MSDB (MS and DB) complex, many small-to medium-sized weakly to mildly stained monopolar round or pyramidal and bipolar thin oval-shaped cells were observed. In the caudal area, including the horizontal limb of the diagonal band, large cells were present. They were moderately stained but with slightly less intensity than those found in the caudate putamen. A moderately intense fiber network without varicosities ran across the medial septal nucleus and the nucleus of the diagonal band of Broca (2~3+ density).
In the island of Calleja, a very dense fiber plexus was present ( Fig. 3B ). In the white matter, some small-to medium-sized, mildly stained cells were occasionally seen in the anterior commisure, the forceps minor of the corpus callosum and the genu corpus callosum, while the density of thin fibers appeared to decrease from the rostral to the caudal part. Even in the genu corpus callosum, very few single fibers were found (data not shown).
In the neocortex, medium-sized, moderately stained, multipolar neurons were scattered. The moderately stained, multipolar cells were detected in the largest amounts in the deep layer throughout the neocortex ( Fig. 1A-O) , and a small number of small-sized, monopolar and bipolar cells were frequently detected in layer VI. NADPH-d-positive fibers were present throughout the neocortex. A moderately dense network of weakly stained, fine varicose fibers was found especially in layer VI, and at the caudal level, scattered, weakly-stained, delicate fibers were detected throughout the piriform cortex.
In the hippocampal structure, a number of NADPH-dpositive cell bodies and dense fibers were detected. The distribution of the NADPH-d-positive structures showed no marked differences among CA1, CA2 and CA3 fields of the hippocampus. A number of medium-to small-sized, mildly to sometimes weakly stained, monopolar and multipolar cells were detected in the oriens layer, pyramidal layer and stratum radiatum of the hippocampus. The pyramidal cells were weakly stained. In the lacunosum moleculare layer of the hippocampus, only a few small-sized elliptic cells were found. Dense, varicose fibers were present in the stratum radiatum and lacunosum moleculare layer; slightly less dense varicose and non-varicose fibers were present in the oriental layer; and fairly dense fibers were present in the pyramidal cell layer of the hippocampus. In the dentate gyrus, a number of medium-sized, mildly to weakly stained, bipolar and tripolar cell bodies and a moderately dense network of non-varicose fibers were detected in the polymorphic layer. A few medium-sized, weakly stained monopolar cell bodies and sparse delicate fibers were found in the moleculare layer of the dentate gyrus. In the granular layer of the dentate gyrus, medium-sized, weakly stained cells and sparse delicate fibers were found on rare occasions.
Diencephalon
Following the running patterns of the neurons in the horizontal limb of the diagonal band, a number of mediumsized, strongly stained neurons were present in the lateral hypothalamic area. The lateral hypothalamic area overlapped the medial forebrain bundle. A dense, apparently random fiber network was seen in the lateral hypothalamic area and at the medial forebrain bundle (3~4+ density, Fig. 2F-J) . The most concentrated region was, however, the rostral area of the medial forebrain bundle and the density of NADPH-d positive fibers gradually decreased in proportion to the caudal position. In the medial preoptic nucleus and the median preoptic nucleus, numerous medium-sized, mildly-stained, oval-shaped cells were found with a dense, mildly stained fiber plexus (a 2+ density). In the medial preoptic area surrounding the medial preoptic nucleus, a number of small-to medium-sized, weakly stained, bipolar thin and monopolar round-shaped cells and weakly stained fibers were observed.
In the ventral part of the lateral globus pallidus, the results were different from a previous study [64] in which the globus pallidus was unstained. A mild to weakly stained NADPH-d-positive varicose fiber network was detected sparsely throughout the lateral globus pallidus, although medium-sized mildly to weakly stained multipolar cell bodies were located only in the ventral part of the lateral globus pallidus ( Fig. 4A ). In the medial globus pallidus (entopeduncular nucleus), several small-sized, weakly stained cell bodies, which were bipolar elliptic and tripolar pyramidal in shape, and occasionally varicose fibers were found especially in the anterior part of the nucleus (Fig. 4B ).
The density of the fibers in the supracup division of the bed nucleus of the stria terminalis was very high (4+ density, Figs. 2I, 5A), much like that in the external part of the anterior olfactory nucleus. The extension pattern in the supracup division of the bed nucleus of the stria terminalis was, however, different from that of the external part of anterior olfactory nucleus. That is, the fibers of the supracup division of the bed nucleus of the stria terminalis formed a pattern running from the laterodorsal to the medioventral region that was highly regular, but the pattern of the latter was less regular.
The amygdaloid complex was densely stained (Figs. 1, 2G-M). An extremely dense network was seen in the ventral part of the anterior amygdaloid area (3~4+ density). Following the ventral part of the anterior amygdaloid area, the medial amygdaloid nucleus (Me) and the anterior cortical amygdaloid nucleus were densely stained. Numerous small, weakly stained round cells were found throughout the amygdaloid complex. In addition, many medium-sized moderately stained, (although less so than those in the caudate putamen), monopolar fusiform, bipolar oval-shaped and tripolar pyramidal cells were found especially in the anterior amygdaloid area, the medial amygdaloid nucleus and the anterior cortical amygdaloid nucleus. In the caudal diencephalon, intensely stained neurons were found in the magnocellular nucleus of the posterior commissure and the magnocellular part of the ventrolateral geniculate nucleus (Figs. 1, 2K, 2L ). In the magnocellular part of the ventrolateral geniculate nucleus, a number of medium-sized, mildly stained round cells and a well stained dense plexus of fibers were present (3~4+ density). In the magnocellular part of the ventrolateral geniculate nucleus, compared to the parvicellular part of the ventrolateral geniculate nucleus, many medium-to slightly larger-sized, moderately stained cell bodies were found. The fiber network was also very dense, but a little less so than that of the magnocellular nucleus of the posterior commissure.
Mesencephalon
In the mesencephalon, the rostral to caudodorsal part of the interpeduncular nucleus was the first area showing a very high NADPH-d-positive density with positively stained neurons and fibers. The rostral and the dorsal subnucleus of the interpeduncular nucleus were intensely stained (Fig.  1M ). Many small mildly stained monopolar and a few bipolar neurons, and an intensely stained, very dense fiber network were detected (4+ density).
The dorsal raphe nucleus contained many neurons and fibers. Small to medium-sized, mildly stained monopolar and occasionally tripolar neurons were observed in the dorsal and ventral parts of the dorsal raphe nucleus and small, round, weakly stained cells were seen in the inferior part of the dorsal raphe nucleus, while dense thin fibers (a 2~3+ density) were found in all these areas. In the lateral wings of the dorsal raphe nucleus, many small, weakly stained monopolar and bipolar, round neuron cell bodies and sparse fibers (2+ density) were found. More caudally, mediumsized, mildly stained neurons and fibers were clustered in the dorsal part of the dorsal raphe nucleus.
It is worth noting that sparse, weakly stained thin varicose and slightly thicker non-varicose fibers were detected in the red nucleus (Figs. 2L, 2M, 5B). As was reported previously in rats, the red nucleus was unstained [64] . The difference in the nerve fiber density between the parvocellular and the magnocellular part of the red nucleus was not prominent. Both of these areas receive NADPH-dpositive fibers.
In the compact part of the substantia nigra, a few smallsized, not-so-weakly stained bipolar neurons and sparse varicose fibers were detected. The reticular part of the substantia nigra was, however, unstained (data not shown in the Figs.).
Rhombencephalon
The neurons in the pedunculopontine tegmental nucleus, the microcellular tegmental nucleus and the laterodorsal tegmental nucleus showed extremely intense staining (Figs.  1, 2N-S) . Many large, very intensely stained, monopolar, bipolar and occasionally tripolar, large multipolar neurons and many thick fibers and thin varicose fibers were detected (3~4+ density). The staining pattern of the neurons here was the strongest of any region in the brain. Also, in the ambiguus nucleus, a moderately dense plexus of fibers (4+ density, Figs. 1, 2V , 2W, 2X) and very occasionally, medium-sized, mildly stained cells were detected. In the central subnucleus of the solitary tract nucleus, numerous medium-sized, moderately stained neurons and a moderately dense plexus of fibers were present (4+ density, Figs. 1W, 1X, 2X) .
The locus coeruleus and the principal sensory trigemi-nal nucleus should also be mentioned for their positive staining. In the locus coeruleus, which was described as unstained in a previous study in rats [64] , a few medium-sized, strongly stained neurons were present at the caudal level of this nucleus (Figs. 1T, 1U, 5C ). In the present study, some medium-sized, mildly stained small cells were also detected, particularly in the ventral part of the principal sensory trigeminal nucleus, and sparse, thin, weakly stained varicose and non-varicose fibers were found in this nucleus (Fig. 5D ), whereas the principal sensory trigeminal nucleus of the rat brain was shown to contain a positive network of delicate varicose fibers, which contained no cell bodies [64] .
In the cerebellum, a large number of very weakly stained cells and dense, very weakly stained delicate fibers were detected in the molecular layer. The cells in the granular layer showed weak staining. In the cerebellar nuclei, a few, small-sized, weakly stained cells and fairly dense fibers were found (cells data not shown in Fig. 1 ). 
Relative distribution of 5-HT and NADPH-d-containing neurons
The localizations of NADPH-d-positive cell bodies and fibers and of 5-HT-immunoreactive cell bodies and fibers were compared histochemically. The areas where the NADPH-d-and 5-HT-positive cell bodies and fibers were concentrated together included the medial part of the anterior olfactory nucleus, medial septal nucleus, diagonal band of Broca, medial forebrain bundle, subfornical organ, ventrolateral geniculate nucleus, dorsomedial subnucleus of the interpeduncular nucleus, raphe magnus nucleus, dorsal raphe nucleus, raphe obscurus nucleus, ambiguus nucleus, solitary tract nucleus and dorsal motor nucleus of the vagus, and circumventricular structures.
Telencephalon
The medial part of the anterior olfactory nucleus showed intense staining for NADPH-d. Some mediumsized, bipolar oval-shaped and monopolar round cell bodies and a dense network of fine varicose fibers were present (Fig. 6A ). A number of 5-HT-immunoreactive thin varicose fibers were also present ( Fig. 6B ). There was a cluster of NADPH-d-positive neurons running through the medial septal nucleus (MS), the nucleus of the vertical limb of the diagonal band and the nucleus of the horizontal limb of the diagonal band. In the ventral area of the MS, the nucleus of the diagonal band of Broca (DB), or the MSDB (MS and DB) complex, many small-to medium-sized cells were observed. These were monopolar round or pyramidal and bipolar thin oval-shaped cells. In the caudal area of the diagonal band of Broca, large cells were present. They were stained intensely for NADPH-d. A NADPH-d-positive fiber network without varicosities ran across the medial septal nucleus and the nucleus of the diagonal band of Broca. 5-HT-positive varicose fibers were also present in the medial septal nucleus, the nucleus of the vertical limb of the diagonal band and the nucleus of the horizontal limb of the diagonal band. The medial forebrain bundle was wellstained for NADPH-d. A dense, apparently randomized fiber network was present in this bundle. The most concentrated region was the rostral area of the medial forebrain bundle and the density of NADPH-d-positive fibers gradually decreased in proportion to the caudal position. A moderately dense network of fine varicose and non varicose 5-HTimmunoreactive fibers was observed throughout the medial forebrain bundle (data not shown).
Diencephalon and Mesencephalon
In the subfornical organ, many small-sized, weakly NADPH-d-stained round cells and dense mildly stained thin fibers were present (Fig. 7A ), whereas 5-HT-positive varicose thin fibers were concentrated in it (Fig. 7B) . Also, in the circumventricular structures, some weakly NADPHd-stained round cells and a very dense moderately intensely stained, thin fiber network were found (Fig. 7C ). In the supraependymal plexus, a moderately dense plexus of 5-HT-positive varicose fibers was present ( Fig. 7D) .
Many mildly stained NADPH-d-positive cell bodies were present in the dorsomedial subnucleus of the interpeduncular nucleus. They were small and monopolar or bipolar. An intensely stained, very dense fiber network was also detected (Fig. 8A ). In this nucleus, a very dense plexus of varicose 5-HT-positive fibers was present (Fig. 8B) .
In the ventrolateral geniculate nucleus, the pattern of the arrangement of the NADPH-d-positive fiber network was similar to that of the 5-HT-positive fibers. Scattered mildly to moderately NADPH-d-stained medium sized cell bodies were found in the magnocellular part of the ventrolateral geniculate nucleus. Here, a dense NADPH-d-positive network was found. The density of the NADPH-d-positive fiber network was much greater in the most dorsolateral part (Fig. 8C ). In the magnocellular part of the ventrolateral geniculate nucleus, there was a high concentration of varicose 5-HT-positive fibers, with a much higher density in the most dorsolateral part (Fig. 8D) . The difference in density between these parts was less than that for NADPHd-positive fibers in the same nucleus, but was still noticeable. In the dorsal raphe nucleus, a number of NADPH-dstained cells and thin fibers were present. Small to mediumsized monopolar and occasionally tripolar neurons were observed in the dorsal and ventral parts of the dorsal raphe nucleus and small, weakly stained, round cells were seen in the inferior part of the dorsal raphe nucleus, while sparse thin fibers were found in all these areas. In the ventrolateral part of the dorsal raphe nucleus, many small, weakly stained monopolar and bipolar, round neuron cell bodies and sparse fibers were found. More caudally, medium-sized, mildly stained neurons and fibers were clustered in the dorsal part of the dorsal raphe nucleus. Many 5-HT-immunoreactive cell bodies and thin fibers were present in the dorsal raphe nucleus. The intensity of 5-HT immunoreactivity of the ventrolateral, ventral and inferior part of the dorsal raphe nucleus was stronger than that in the dorsal part of the dorsal raphe nucleus. In the median raphe nucleus, only a few, small, weakly stained NADPH-d-positive cell bodies and fibers but many 5-HT-positive cell bodies were present.
Rhombencephalon
A few, medium-sized, mildly NADPH-d-stained cells and a dense large fiber cluster were observed in the ambiguus nucleus (Fig. 9A ). In this nucleus, dense thick 5-HT-positive fibers were also present ( Fig. 9D ). Almost the whole of the solitary tract nucleus was NADPH-d-positive, but the medial part of the solitary tract nucleus contained the most strongly stained, medium-sized cells, fibers and processes, while the rest contained mildly stained, slightly larger neuron cell bodies and thin fibers (Fig. 9B ). In the solitary nucleus, dense varicose 5-HT-positive fibers were present (Fig. 9E ). Many small, weakly-NADPH-d-stained perikarya and fibers were present in the dorsal motor nucleus of vagus (Fig. 9C) . Also, some varicose 5-HT-positive fibers were concentrated in the rostral solitary tract nucleus and the dorsal motor nucleus of vagus (Fig. 9F ). In the raphe magnus nucleus and the raphe obscurus nucleus in which many 5-HT neuronal cell bodies were present, numerous, medium-to large-sized, NADPH-d-stained neurons and thin fibers were present, while the raphe pallidus nucleus was unstained for NADPH-d (data not shown).
Changes in NADPH-d-positive neurons after 5,7-DHT injection in areas containing both 5-HT and NADPH-d-positive neurons
Remarkable changes in NADPH-d-positive neurons were found in the medial septal nucleus, the nucleus of the diagonal band of Broca and the dorsal raphe nucleus. Three days after 5,7-DHT injection, the number of NADPH-d-positive cell bodies and the density of fibers were significantly reduced (cell bodies, p=0.0209; fibers, p=0.0143) in the medial septal nucleus and the nucleus of the vertical limb of the diagonal band (Fig. 10A, B) . Some of the cell bodies appeared polymorphic and/or rugged in shape (Fig. 11A,  B ). At this time, 5-HT immunoreactivity was decreased in all areas of the brain. Some thick and irregular intensely immunoreactive 5-HT fibers were, however, observed in the medial septal nucleus and the nucleus of the diagonal band. Only a few thin and regularly extended fibers were observed in the medial septal nucleus and the nucleus of the diagonal band, and swollen thick fibers appeared in specific areas including the nucleus of the diagonal band (Fig. 10D, E) .
In the horizontal limb of the diagonal band, NADPH-dpositive cell bodies and fibers were detected in the ventral and the medial part of the nucleus, while 5-HT swollen thick fibers were located more laterodorsally (Fig. 10A-F) . By day 7, in the nucleus of the diagonal band, the number of NADPH-d-positive cells showed no remarkable change compared to that on day 3. The density of NADPH-d-positive fibers increased compared to that on day 3 (p=0.0209), although the density was still lower than that in the control (p=0.0143). Intensely stained extensive processes of NADPH-d-positive neurons were detected on day 7, although many neurons showed intense staining only in the thick proximal area on day 3 (Figs. 10A-C, 11A, 11B) . At the same level, in the medial septal nucleus and the nucleus of the diagonal band, the number of intensely stained, thick 5-HT-positive fibers had increased and the thin fibers had extended in the medial septal nucleus and the nucleus of the diagonal band (Fig. 10F) . Likewise in the dorsal raphe nucleus, changes in 5-HTimmunoreactive and NADPH-d-positive structures were Mild to moderately stained, medium-sized neurons and a moderately dense fiber network were detected in the VLGMC. In the VLGPC, a fairly dense network is seen. D: In the VLGMC, many varicose 5-HT fibers are scattered. A 5-HT fiber plexus with a slightly weaker density is present in the VLGPC . Bars=50 mm (A, B) , 100 mm (C, D).
detected after 5,7-DHT injection. That is, by day 3, NADPH-d-positive cell bodies were weakly stained. There were positively stained small cell bodies in the caudal part of the dorsal raphe nucleus. The number of NADPH-d-positive cell bodies and the density of fibers were reduced (the number, p=0.0209; density, p=0.0209) ( Fig. 12A, C) . At the same level, as is well known in rats [58] , the immunoreactivity of 5-HT neuron cell bodies decreased markedly and numerous intensely stained, swollen fibers were observed (Fig. 12B,  D) . By day 7, the number of NADPH-d-positive mediumsized cell bodies was still small (p=0.0029 between control and day 7). The fibers were dense (p=0.0105) compared to those on day 3, but the density was still lower than that in the controls (p=0.0233). The NADPH-d-positive fibers were thin and some had varicosities (Fig. 12E ). No noticeable changes were seen in the shape of NADPH-d-positive cell bodies in the dorsal raphe nucleus. At the same level, the 5-HT immunoreactivity of the cell bodies and dendrites had increased, and swollen fibers appeared in the caudal part of the dorsal raphe nucleus (Fig. 12F) .
No changes were detected in NADPH-d-positive neurons after 5,7-DHT injection in the rest of the brain including the ambiguus nucleus ( Fig. 13A-D) , the solitary tract nucleus and the dorsal motor nucleus of the vagus.
IV. Discussion
Distribution of NADPH-d-positive neurons
The present results demonstrate that NADPH-d-positive cell bodies and fibers are present throughout the mouse brain. Vincent and Kimura [64] previously reported the distribution of NADPH-d-positive neurons and fibers in the rat brain based on numerous photographs. In other studies, the distribution of NOS in certain portions of the brain has been shown using photographs and partial mapping atlases [1, 19, 31, 43, 45, 67, 71] . However, a complete schematic map of the distribution of NADPH-d-positive cell bodies and fibers in the mouse brain has not been previously reported. With some exceptions [64] , our results support previous reports referring to the distribution of NOS-containing neurons in some zones of the rat brain [9, 24, 47, 71] .
Although the globus pallidus was previously reported to be essentially unstained in the rat [64] , we found NADPH-d-positive cell bodies in the ventrolateral part of the globus pallidus in the present study. Many large NADPH-d-positive neurons were histochemically detected in the globus pallidus of the turtle, extending into the lateral forebrain bundle. Many fibers originating in the region between the dorsal and ventral portions of the lateral forebrain bundle passed through the globus pallidus [3] . In the globus pallidus, very lightly NADPH-d staining fibers and cell bodies were observed in our study, so it is difficult to conclude whether the projections were efferent or afferent. The pattern of extension of these projections was not examined. The functions of these NADPH-d-positive cell bodies and fibers in the globus pallidus remain unclear.
The red nucleus contained weakly stained, moderately dense thin fibers, whereas no NADPH-d-positive structures were detected in the red nucleus by Vincent and Kimura [64] . The red nucleus is generally thought to receive input from the cerebellar nuclei while sending efferent connections to the inferior olivary nucleus [57] . Furthermore, it was also demonstrated that cerebellar injury induced NADPH-d activity in the Purkinje cells and inferior olivary neurons in the rat [4] . In the present study, many thin, dense fibers and many small-sized cell bodies in the molecular layer of the cerebellum and some thin fibers in the inferior olivary nucleus were stained. These might have been related to the NADPH-d-positive fibers in the red nucleus in some pathway. Also, it was previously reported that the principal sensory trigeminal nucleus contained only a thin network of varicose fibers reactive for NADPH-d [64] . In the present study, however, a few small-sized, mildly stained cells were additionally detected in the ventral and dorsomedial regions. The principal sensory trigeminal nucleus is commonly considered to be one part of the general sensory system, and the role of the NADPH-d-positive neurons in the principal sensory trigeminal nucleus should be examined in future studies. The locus coeruleus, which was reported to be unstained in the rat brain [64] , contained some strongly stained, medium-sized neurons, similar to those observed in other animals such as turtles [3] and snakes [25] . Previous studies indicated that systemic and intracerebroventricular pretreatment of rats with N-omega-nitro-L-arginine methylester (L-NAME), a NOS inhibitor, blocked the naloxone-induced locus coeruleus withdrawal response, suggesting that NO plays an intermediary role in neuronal hyperactivity in the locus coeruleus [16] . Norepinephrine neurons in the locus coeruleus have roles in the sleeping-waking cycle [21] and in memory [49] ; while nitric oxide affects the sleep stage and wakefulness [10] although the region responsible for these effects remains unclear. In the present study, the coexistence of NADPH-d-positive cell bodies and norepinephrine cell bodies was not examined. Further studies are required to examine the relationship between norepinephrine-and nitric oxide synthase-containing neurons in the locus coeruleus, paying close attention to the role of the latter in the mechanism of the sleeping-waking cycle.
The difference between the localizations of NADPH-d neuronal staining in the rat and mouse might reflect either species differences or low levels of NOS protein in the rat. Using immunohistochemical methods to detect the localization of nitric oxide, however, Rodrigo et al. [48] demonstrated the presence of positively stained cell bodies and fibers in several areas in the rat brain; i.e. the globus pallidus, the red nucleus, the principal sensory trigeminal nucleus and the locus coeruleus. As the present study was carried out using NADPH-d histochemistry according to the method of Vincent and Kimura [64] , the discrepancies between the results concerning the areas examined above might be accounted for by environmental factors such as temperature, humidity, or the degree of brightness in the room for histochemistry, and internal factors such as physiological conditions, stress and motor activity.
Considerable relationship between NADPH-d-positive neurons and 5-HT neurons
The possibility of a relationship between NO and other neurotransmitters is of interest. Some studies have suggested an interaction between NO and other neurotransmitters such as dopamine (DA) [18, 28, 37, 51] , noradrenaline [51] , GABA [63] , acetylcholine (Ach) [56, 62] and 5-HT [11, 23, 38, 66] . In the medial preoptic area, NO has been shown by a microdialysis method to increase 5-HT and DA levels [38] . Hypothalamic superfusion with NO donors, linsidomine, diethylamine/nitric oxide (DEA/NO), S-nitroso-N-acetylpenisillamine (SNAP), S-nitroso-glutathione (SNOG) and sodium nitroprusside influenced the release of 5-HT in a biphasic and c-GMP-dependent way in the rat brain [27] . According to other reports, the 5-HT-neuronal NO connection may be involved in the initiation of migraine, yawning and penile erection [11, 40] . Squadrito et al. [54] demonstrated that in rats deprived of food for 24 hr, NOS levels increased, whereas 5-HT levels decreased in the diencephalon. The relationship between NO and 5-HT throughout the mouse brain has not been reported.
The present study demonstrated the presence of many NADPH-d-positive cell bodies or fibers and 5-HT-immunoreactive cell bodies or fibers in the following areas: the medial part of the anterior olfactory nucleus, the medial septal nucleus, the diagonal band of Broca, the medial forebrain bundle, the subfornical organ, the ventrolateral geniculate nucleus, the dorsomedial subnucleus of the interpeduncular nucleus, the raphe magnus nucleus, the dorsal raphe nucleus, the raphe obscurus nucleus, the ambiguus nucleus, the solitary tract nucleus and the dorsal motor nucleus of the vagus and the supraependymal plexus of the lateral and the third ventricles. Anatomically, some of these nuclei and areas are interconnected.
The MSDB complex gives rise to ascending and descending projections, as demonstrated by a number of retrograde and anterograde tracing studies [14, 46] . According to previous studies, descending fibers from the MSDB travel through the medial preoptic area, and enter the medial forebrain bundle, while the interpeduncular nucleus receives dense projections from the MSDB [46] . The MSDB also projects to the dorsal raphe nucleus. Interestingly, the termi-nation pattern of these dorsal raphe nucleus projections is closely associated with the distribution of 5-HT-containing cell bodies [29] , and the MSDB efferents were shown to innervate 5-HT neurons of the dorsal raphe nucleus [69] . The projections from the solitary tract nucleus to the subfornical organ have also been identified [72] . The ventrolateral geniculate nucleus has afferent connections with the pedunculopontine tegmental nucleus and also with the lateral cell group of the dorsal raphe nucleus [39, 44] . The projections from the dorsal raphe nucleus to the ventrolateral geniculate nucleus were serotonergic [44] . Thus, the interaction between 5-HT and NOS neurons may involve these projections.
The concentration of the fiber plexus in the circum- ventricular organs is of interest. Although a great deal of attention has been paid to the distribution of the 5-HT neurons in the circumventricular organs [58] , and recently also to that of NOS [48] , there have been few studies concerning the relationship between NOS and 5-HT neurons in the circumventricular organs. The possibility that the nitergic fibers regulate metabolic function in the wall of the ventricular system, and that 5-HT-positive fibers do the same in the subfornical organ, has been discussed [48] . The functions of the circumventricular organs have not yet been elucidated. Indeed, in the ventricular system, NO might mediate regulation of the composition of the cerebrospinal fluid and blood pressure and also modulate the release of hormone and neuropeptides known to participate in the general regulation of fluid balance and blood pressure in the subfornical organ [32, 48] . One of the cooperative functions of 5-HT and NO may occur in the pedunculopontine tegmental nucleus. Cholinergic neurons in the rat laterodorsal and pedunculopontine tegmental nuclei express 5-HT2 receptors [41] . Cholinergic neurons of the laterodorsal tegmental nucleus and the pedunculopontine tegmental nucleus neurons project heavily to the thalamus and the lateral geniculate nucleus [17, 50] . Within the ventrolateral geniculate nucleus, a dense network of axons and terminals was revealed by staining for NADPH-d in this study. Bickford et al. [2] found that parabrachial cells were co-localizd with NADPH-d and ChAT, and the cholinergic cells of the parabrachial region are essentially the sole source of NADPH-d in the lateral geniculate nucleus. They also reported that NADPH-d-positive cells in the parabrachial region were not labeled for 5-HT. The presence of NOS and 5-HT fibers in the same nuclei or areas may be significant. Leonard et al. [36] reported that varicose 5-HT-immunoreactive fibers were often seen in close apposition to NADPH-d-containing somata and proximal dendrites in the laterodorsal tegmental and pedunculopontine tegmental nuclei in the guinea pig brain, and NADPH-d cells in the pedunculopontine tegmental nuclei may receive input from 5-HT cells [36] .
The dorsal raphe nucleus contains the major 5-HT cell groups [55, 59] , and it is chiefly the dorsal raphe nucleus from which the ventral ascending serotonergic pathway innervates. In the dorsal raphe nucleus, many NADPH-dpositive cells were present, and in the rostral portion of the dorsal raphe nucleus, the distribution of NADPH-d-positive structures was similar to that of 5-HT structures. Wang et al. [66] reported that nitric oxide synthase-like-immunoreactive neurons received synapses as did 5-HT neurons in the dorsal raphe nucleus. Some interaction between 5-HT neurons and NADPH-d-positive neurons occurs there. In histochemical studies, the coexistence of NADPH-d and 5-HT in the rat brain was demonstrated in the dorsal raphe nucleus [27, 68] , the median raphe nucleus and the raphe pontis nucleus [27] . A small percentage of 5-HT neuron profiles in the dorsal raphe nucleus in the rat brain were shown to contain NOS by immunofluorescence histochemistry [70] . To date, most studies of the relationship between NO and 5-HT have been performed in the rat. In the web-accessible digital atlas, the distribution of NADPH-d-containing neurons in the dorsal raphe nucleus was not described in detail. In the present study, we found that many NADPH-d-positive neurons and fibers were present in the dorsal raphe nucleus in the mouse brain. This suggested that there is some interaction between NADPH-d-positive and 5-HT neurons in the dorsal raphe nucleus.
Changes in NADPH-d-positive neurons after the 5-HT neurotoxin injection
Analysis of the effects of 5,7-DHT, a 5-HT neurotoxin, on NADPH-d-positive neurons indicated an interaction between 5-HT and NOS neurons. As for the areas where 5-HT and NADPH-d-positive neurons were concentrated, the neurons in the medial septal nucleus, the nucleus of the diagonal band and the dorsal raphe nucleus showed marked changes after 5,7-DHT injection. That is, degeneration of 5-HT neurons may have an effect on NADPH-d-positive neurons especially in the medial septal nucleus, the nucleus of the diagonal band and the dorsal raphe nucleus. The coexistence of 5-HT and NADPH-d-positive neurons in the same cell in the dorsal and median raphe nuclei in the rat brain has been reported [26, 66, 68] . In the mouse brain, however, there was no coexistence of nNOS and 5-HT immunoreactivities in the rostral portion of the dorsal raphe nucleus, raphe magnus or raphe obscurus nuclei [35] . In the present study, changes in NADPH-d-positive neurons in the dorsal raphe nucleus in the mouse brain after 5,7-DHT injection suggested that 5-HT neurons and NOS-containing neurons are present in distinct individual cells in the nucleus, and this might have caused such changes in the dorsal raphe nucleus, and/or reciprocal modulation of 5-HT and NOS neurons in these areas. Why the other nuclei or areas where many 5-HT and NADPH-d-positive neurons were found did not show remarkable changes after injection of 5,7-DHT is not clear. The medial septal nucleus, the nucleus of the diagonal band and the dorsal raphe nucleus might play important roles in the modulation of or be themselves modulated reciprocally by 5-HT neurons and NADPH-d-positive neurons. Regulation of the existence of NOS-containing neurons by 5-HT neurons may occur in the central nervous system. In the rat, NOS in the dorsal raphe nucleus might be included in the mechanism of the behavior in escape performance, which is related to 5-HT [15] . The relationship between NOS and 5-HT neurons in the mouse dorsal raphe nucleus should be examined.
In the present study, 5-HT fibers showed extension for seven days after injection, while NADPH-d-positive fibers did not extend. We examined the changes in NADPH-d-positive neurons and 5-HT neurons for only seven days after injection of 5-HT neurotoxin. Therefore, if the examination was conducted for a longer time period, NADPH-d-positive fibers might show sprouting in the regenerating system.
In conclusion, this study provided for the first time a comprehensive atlas of NADPH-d-positive cell bodies and fibers in the whole brain of the mouse obtained by NADPH-d histochemistry. NADPH-d-positive neurons are present in almost the entire brain but notable differences from the results of a previous study in rats were found. Many neurons positive for NADPH-d and 5-HT neurons were found to exist together in the same areas and nuclei. It is noteworthy that changes in the NADPH-d-positive neurons after intracerebroventricular injection of 5-HT neurotoxin were detected in the medial septal nucleus, the nucleus of the diagonal band and the dorsal raphe nucleus. These results strongly suggest an interaction between neurons containing NOS and 5-HT neurons, but further studies are required to elucidate the mechanisms of these interactions and the roles of these neurons.
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